Studies with nonhuman primates and rodents, as well as with human children, have suggested that early separations from caregivers are often associated with changes in the functioning of the hypothalamus-pituitary-adrenal (HPA) axis. On the basis of these findings, we designed a relational intervention that was intended to normalize HPA functioning among children in foster care. This paper presents findings from a randomized clinical trial that assessed the effectiveness of a relational intervention (Attachment and Biobehavioral Catch-up [ABC]) with regard to HPA functioning. The ABC intervention was intended to enhance children's ability to regulate physiology and behavior. The control intervention (Developmental Education for Families) was intended to enhance children's cognitive skills. A comparison group of children who had never been in foster care was also included. Children's cortisol production was assessed upon arrival at the lab, and 15 and 30 min following the Strange Situation. Random effects analyses of variance were performed to assess differences in initial values and change between children in the two intervention groups. Children in the ABC intervention and comparison group children showed lower initial values of cortisol than children in the treatment control group, considering arrival at lab as initial values ( p , .05). Groups did not differ significantly in change over time. These results suggest that the ABC intervention is effective in helping children regulate biology in ways more characteristic of children who have not experienced early adversity.
A rich nonhuman primate and rodent literature suggests long-term effects of early maternal separations on the regulation of glucocorticoids (CORT; e.g., Mirescu, Peters, & Gould, 2004; Sanchez, Ladd, & Plotsky, 2001) . CORT are steroid hormones produced as an end product of the hypothalamus-pituitary-adrenal cortex (HPA) axis. The CORT of particular relevance to early development are cortisol among humans and other primates and corticosterone among rodents. Several recent studies have examined patterns of cortisol production among foster children, a group that may share some conditions in common with animals studied in early separation paradigms. Many preschool-aged children in foster care showed low levels of cortisol across the day, with a smaller number showing high levels Fisher, Gunnar, Chamberlain, & Reid, 2000; Gunnar, Fisher, & The Early Experience, Stress, and Prevention Network, 2006) relative to other children. In contrast, many foster infants showed high (rather than low) levels of cortisol production relative to other infants . Although infants and preschoolers in foster care were distinguished from one another in their proportion of high and low patterns, both groups differed from children who were not in foster care. These findings of different cortisol production among young children in foster care led us to develop an intervention that specifically targets the regulation of cortisol among these children.
The current paper presents findings from a randomized clinical trial that assesses effects of this intervention on children's production of cortisol prior to and following the Strange Situation, a laboratory procedure that challenges children by separating them from caregivers (Ainsworth, Blehar, Waters, & Wall, 1978) . In the Strange Situation, children experience separations and reunions with their caregivers twice, conditions similar in some respects to paradigms used to elicit glucocorticoid responses among other species. Prior research has examined daytime cortisol production among foster children, with far fewer studies assessing cortisol reactivity to stress among this population.
Functioning of the HPA System
CORT has two major functions that appear to be relatively orthogonal of one another. First, CORT is one of the contributors to the maintenance of circadian patterns of activity, affecting the timing of activities such as waking, sleeping, eating, and social interactions. Other systems, most notably temperature, function in analogous ways to maintain circadian patterns. These systems enhance the likelihood that members of a species are awake at the same time as one another, thus increasing the likelihood of reproductive success.
A cirdadian pattern of cortisol production typically emerges in the first few months of life among humans, with the pattern remaining relatively similar across the life span (Larson, White, Cochran, Donzella, & Gunnar, 1998; Price, Close, & Fielding, 1983) . High wake-up levels are followed by a peak in CORT within 30 min of wake-up. A sharp decrease is then seen by midmorning, with relatively low levels throughout the day to a nadir at bedtime (Gunnar & Cheatham, 2003; Gunnar & Donzella, 2002) . The primary developmental change in the diurnal pattern beyond infancy is a decrease from morning to afternoon that is not seen predictably until children are about 4 years old (Bruce, Davis, & Gunnar, 2002; Watamura, Donzella, Alwin, & Gunnar, 2003) .
Second, and superimposed upon this daily pattern, is the involvement of CORT in mounting a stress response. In mounting a stress response, CORT is released as an end product of the HPA axis. The hypothalamus releases corticotropin-releasing hormone, which signals the pituitary to release adrenocorticotropin hormone (ACTH). ACTH then signals the adrenocortical axis to release CORT. The presence of high levels of CORT increases the organism's readiness for fight or flight, with resources diverted toward increased oxygen intake, heart rate, and blood pressure, whereas blood flow is diverted away from digestive, reproductive, and immune system processes. Given that a CORT stress response diverts resources away from functions that are critical for long-term survival, it is clear that this system's stress response evolved as a short-term solution to acute challenges. Indeed, the system has a negative feedback loop, with the production of CORT signaling to the pituitary to stop producing ACTH (Gunnar & Cheatham, 2003) .
Among adults, there is convincing evidence of stress reactivity. Tasks that elicit the most robust cortisol elevations involve the combination of social threat and uncontrollability (Dickerson & Kimeny, 2004; Kirschbaum, Pirke, & Hellhammer, 1993 ). Dickerson and Kimeny argue that this makes sense from an evolutionary perspective because the threat of being excluded from the social group is of such great consequence. Consistent with this model, low-ranking animals that experience frequent stressors show the largest basal levels of cortisol (Abbott et al., 2003) . However, the degree of observed cortisol reactivity to stress appears to be highly dependent on development. Newborn human infants show rises in cortisol in response to stressful events within the first few days of life, and stressors such as physical examinations and inoculations elicit strong cortisol elevations in 2-montholds. However, similar stressors elicit weaker cortisol elevations as children grow older (Gunnar, Broderson, Krueger, & Rigatuso, 1996; Larson et al., 1998; Lewis & Ramsay, 1995) .
In childhood, whereas diurnal production of CORT is well characterized, findings with regard to stress reactivity are more mixed. In some studies, rises in cortisol in response to stressors have been observed among young children (Gunnar, Mangelsdorf, Larson, & Hertsgaard, 1989; Spangler & Grossmann, 1993) , but there have also been many failures to elicit cortisol reactions among young children under stressful conditions (Gunnar & Donzella, 2002; Gunnar & Quevedo, 2007) . These failures may often go unreported because of the difficulty in publishing null results. Gunnar and others (Gunnar & Quevedo, 2007; Gunnar & Vazquez, 2001; Sapolsky & Meaney, 1986) have suggested that young children may undergo a stress hyporesponsive period (SHRP) during which cortisol is not elevated in response to stressors. This period may parallel the SHRP in the rodent that extends from Postnatal Day 4 to Postnatal Day 12 (Gunnar & Quevedo, 2007; Sapolsky & Meaney, 1986) . The hyporesponsive period in humans may extend through much of childhood . As Gunnar and Cheatham (2003) point out, it makes sense that the hyporesponsive period may extend further for humans because of the slower maturation of the human brain relative to other species and therefore the extended period of dependence on caregivers.
Caregiver Involvement and Stress Response
Early in development, human caregivers serve a critical function as behavioral and physiological coregulators for infants in a variety of ways Gunnar & Donzella, 2002; Hofer, 1994) . The caregiver appears central to the infant's developing a more mature regulation of the HPA system. Gunnar and others (Gunnar, 1998) have suggested that the caregiver serves as a buffer against stress for the infant during the SHRP. Events that would be associated with a cortisol response for younger infants (before the onset of the SHRP) are not associated with such a response when infants are in the presence of responsive caregivers (Gunnar, 1998; Hertsgaard, Gunnar, Erickson, & Nachmias, 1995; Spangler & Grossmann, 1993) . There is some evidence that infants and young children show an elevation in cortisol when experiencing stressful events in the presence of insensitive caregivers (Gunnar, Larson, Hertsgaard, Harris, & Brodersden, 1992) . The samples sizes are small in these studies, however, and typically only emerge in interactions with other variables. For example, insecure attachment has been associated with cortisol increases following maternal separation, but only among children who were temperamentally inhibited (Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss, 1996) or socially fearful (Gunnar, Brodersen, Nachmias, Buss, & Rigatuso, 1996) .
The rodent literature has been especially compelling as a model of developmental stress neurobiology with evidence of the dam's (i.e., mother's) role in buffering the pup (i.e., infant) from stress (Caldji et al., 1998; Cirulli, Berry, & Alleva, 2003; Meaney & Szyf, 2005) . With time-limited separations from the dam (15 min to 3 hr) during the hyporesponsive period, the pup typically does not show increases in corticosterone. These short separations are thought to reflect those that would occur naturally in the environment and promote stress resilience in the pup. The dam's behavior in resuming normal behaviors, including licking and grooming, following the separation appears to be key to the pup's response. In contrast, extended (e.g., 12 hr) separations are associated with both short-term and long-term effects for the pup, including hypercortisolism and increased fearful behavior (Cirulli et al., 2003; Sanchez et al., 2001) . These separations are longer than the pup would typically experience in the wild. Thus, they may not be within the range of experiences for which the pup's system is evolutionarily prepared.
It is of interest that the findings regarding developmental stress neurobiology may have been overstated with regard to the importance of the sensitivity of the caregiver and understated in terms of the salience of the SHRP. More specifically, increases in cortisol are very difficult to elicit among young children, providing rather strong evidence for a SHRP. With the exception of Gunnar and Quevedo (2007) , the existence of a SHRP among human young is rarely discussed. In contrast, differences in cortisol reactivity related to normal variations in caregiver availability, such as attachment security and parental sensitivity are often assumed, despite the limited findings regarding such effects (Gunnar, Brodersen, Nachmias, et al., 1996; Gunnar et al., 1989; Hertsgaard et al., 1995; Nachmias et al., 1996) .
Adversity and Stress Neurobiology
The lack of a caregiver, the loss of a caregiver, or neglect from a caregiver may pose challenges for the infant in regulating the stress system. These are extreme conditions that may fall outside of those for which the stress system has evolved (Cicchetti & Valentino, 2006) . The rodent and nonhuman primate literatures have suggested that effects of severe deprivation (extended separation) may be seen in persistent changes in the animal's stress responsiveness (Cirulli et al., 2003; Sanchez et al., 2001) . Effects of extended early separations are seen in a more biologically and behaviorally hyperreactive adult animal (Caldji et al., 1998; Levine & Mody, 2003; Sanchez et al., 2005) .
The human literature has provided more support for effects of early adversity on diurnal functioning than on stress reactivity. Young children who spent extended periods of their early years in orphanages, as well as children who entered foster care or experienced maltreatment, showed high rates of atypical diurnal patterns of cortisol production compared with other children who had not experienced early privation or deprivation (Carlson & Earls, 1997; Cicchetti & Rogosch, 2001; Gunnar, Morison, Chisholm, & Schuder 2001; Gunnar & Vazquez, 2001; Tarullo & Gunnar, 2006) .
Our research group as well as Fisher and colleagues (Fisher et al., 2000; Gunnar et al., 2006) found differences in daytime patterns of cortisol production among preschool children in foster care compared with children not in foster care. In both studies, about half of the preschoolers in foster care showed atypical patterns of cortisol production, with many showing low levels of cortisol, and a smaller number showing high levels of cortisol production. In contrast, among infants in foster care, we found a different pattern. Most foster infants (less than 24 months of age) showed high, rather than low, daytime cortisol production. These differences between infants and preschoolers could well reflect a downregulation of the HPA system over time as the result of initially high levels of circulating CORT (Davies, Sturge-Apple, Cicchetti, & Cummings, 2007) .
Intervening With Foster Children
Over the past 15 years, we have been assessing the specific issues that are challenging to young children in foster care, and developing intervention strategies that target these issues. Three issues have been identified as central. First, children in foster care often regulate physiology and behavior differently than do other children . Second, infants and toddlers often behave in ways that push new caregivers away (Stovall & Dozier, 2000; Stovall-McClough & Dozier, 2004) . Third, foster parents' own issues sometimes make it difficult for them to provide nurturance. Whereas birth children can often cope effectively with nonnurturing care, children in foster care often develop disorganized attachments to nonnurturing caregivers, which puts them at risk for a number of problematic outcomes (Dozier, Stovall, Albus, & Bates, 2001) . We have developed a 10-session intervention that targeted these three issues (Dozier, Higley, Albus, & Nutter, 2002) . The regulation of behavior and physiology is targeted in 5-6 sessions, and the provision of nurturing care is targeted in 4-5 sessions.
We target children's regulation of behavior and physiology in several ways. First, we borrowed conceptually from intervention strategies that Barnard (1999) and van den Boom (1994 van den Boom ( , 1995 van den Boom ( , 1997 had developed for premature and temperamentally difficult children, children who experienced difficulty regulating behavior and physiology for constitutional reasons. These previous interventions targeted self-regulatory capabilities by teaching parents to be very effective, responsive interpersonal partners. Related to this first component, we helped caregivers to be very responsive to their children's emotions, especially with respect to negative affect (Izard, Fine, Mostow, Trentacosta, & Campbell, 2002; Izard, Trentacosta, King, & Mostow, 2004; Southam-Gerow & Kendall, 2002) . In addition, we borrowed from Field's work on the importance of touch to young children's developing self-regulatory capabilities (Field et al., 1986 (Field et al., , 2004 Field, HernandezReif, Diego, Schanberg, & Kuhn, 2005) .
The issues addressed in the additional four to five sessions concerned attachment security rather than self-regulatory capabilities. However, given that attachment can be seen to serve the purpose of providing the child with expectations regarding parental availability, breakdowns (or disorganization) in attachment are likely relevant to regulatory capabilities. Consistent with this are findings that children who show breakdowns in organization of their attachments are at risk for a host of internalizing, externalizing, and dissociative symptoms (Carlson, 1998; Lyons-Ruth, Alpern, & Repacholi, 1993) . Thus, we consider it likely that sessions aimed at promoting attachment security also enhance children's regulatory capabilities.
Preliminary evidence has suggested that Attachment and Biobehavioral Catch-up (ABC) is effective in changing young children's daytime patterns of cortisol production . Children in the ABC showed lower patterns of daytime cortisol production than children in the control intervention. Our results are consistent with results of Fisher et al. (2000) , suggesting that daytime cortisol patterns can be modified with a social intervention. Prior to the present study, we did not have evidence regarding differences in stress reactivity among children in foster care. The present study assesses children from the two intervention groups, as well as comparison children, under stressful conditions. Of interest are differences in initial values of cortisol production, as well as changes in cortisol production in response to challenge.
Method

Overview
The primary sample included 46 children who completed the ABC intervention, and 47 children who completed the educational intervention. An additional 48 children were included who were not in the foster care system. These comparison children did not receive intervention services. For children to participate, both foster parent and birth parent (or proxy) consent were required. Foster parents consented to their own participation, and birth parents (or proxies) consented to children's participation. The university's institutional review board approved all procedures.
After enrollment, children in the foster care groups were randomly assigned to one of the two intervention groups (ABC or Developmental Education for Families [DEF] ). Foster parents and birth parents were blind to condition, as were researchers responsible for entering data, assaying cortisol samples, and analyzing data.
Participants
Children ranged in age at the time they participated in the Strange Situation from 15 to 24 months. Differences between the three groups in age did not approach significance ( p . .10).
Although children were randomly assigned to intervention group, there were 59% girls in the ABC group, compared with 43% girls in the DEF group and 44% in the comparison group of children who had not been in foster care. These represented statistically significant differences ( p , .05). In addition, more of the children in the two intervention groups (ABC and DEF) were from underrepresented minorities compared with children in the comparison group (see Table 1 ). Child age, gender, and ethnicity were examined as possible control variables.
Household income for foster children in THE ABC intervention groups was $37,600 and $39,100 ( p . .10). Information regarding income was not available for comparison parents.
Procedures
All children participated in the Strange Situation (Ainsworth et al., 1978) , an assessment of infants' attachment quality, in one of three laboratories affiliated with the Universityof Delaware. The labs were unfamiliar to the children prior to the experimental session. In each of the labs, the primary experimental room resembled a waiting room at a doctor's office. There were several chairs along the wall and a number of attractive toys on the floor. The waiting room was viewable through a one-way mirror from an observation room. Children and their parents were immediately taken to the "waiting room" when they arrived at the lab. Parents were asked to take a saliva sample immediately from their child, as described more fully below.
Strange Situation. The Strange Situation (Ainsworth et al., 1978) consists of seven episodes that are designed to increasingly stress the child and elicit attachment behavior. In the first episode, the infant and caregiver enter the waiting room, where the mother takes a seat and invites the child to play with toys that are on the floor. In the second episode, a "stranger" (always a female) enters the room and takes a seat beside the mother. After a 1-min period without any interaction, the stranger interacts with the mother for 1 min and then with the child for 1 min. In the fourth episode, the parent leaves the room, such that the child is alone in the room with the stranger. In the fifth episode, the parent returns to the room; the stranger leaves unobtrusively when possible. In the sixth episode, the parent again leaves, this time leaving the child alone in the room. In the seventh episode, the stranger returns and in the eighth episode the parent returns. Episodes are typically of 3-min duration, although separations are shortened when children show extreme behavioral distress.
Saliva sampling. The procedures used for collecting and assaying cortisol carefully followed established protocol (e.g., Gunnar & White, 2001) . Experimenters trained parents to collect saliva samples. Parents collected saliva samples from children when they first arrived at the lab, 15 min after completion of the Strange Situation, and 30 min after completion of the Strange Situation. In addition, a subset of foster parents collected salivary cortisol samples prior to leaving home for the lab, and 2 hr after completion of the Strange Situation (after returning home).
Caregivers were instructed to moisten the end of the dental cotton roll by placing it briefly in the child's mouth. The cotton was then dipped in a vial containing 0.8 g of flavored beverage crystals (Pathmark cherry-flavored drink mix) to promote salivation. The roll was placed back in the child's mouth and the child was encouraged to mouth the roll until it was wet with saliva.
Although flavored drink mixes and other sweeteners have been reported to affect values on the radioimmunoassay (Schwartz, Granger, Susman, Gunnar, & Laird, 1998) , recent controlled studies in our lab and in Gunnar's lab have indicated that the ELIZA enzyme-immunoassay designed specifically for the measurement of salivary cortisol that we use (Salimetrics, Inc., State College, PA, High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit) is affected little by very low levels of the crystals (Gordon, Peloso, Auker, & Dozier, 2005; Talge, Donzella, Kryzer, Gierens, & Gunnar, 2005) . In fact, in rigorous testing of the effect of the beverage crystals on cortisol measurement in adult volunteers, sample cortisol values varied less than 15% across all samples, and no significant differences were found between those samples collected with and those samples without the use of the drink mix (Gordon et al., 2005) .
Caregivers were asked to indicate whether the child was teething, whether the child had had anything to eat or drink in the 30 min prior to sampling, and several other issues known to affect cortisol levels. Values were excluded when any of these conditions was indicated. Caregivers were also asked to indicate whether the child was sick or having other acute physical problems before beginning to take samples. If the child was experiencing such problems, assessments were delayed for one week or until the child's condition improved. Cortisol assay. The saliva samples were stored in a freezer until they were assayed in our laboratory. Assays were performed using the Salimetrics, Inc. High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit. All samples from a child were run in duplicate on the same assay plate. In addition, a collection of saliva from several different donors was pooled and frozen as a control. Samples of the control saliva were included on each assay plate. All samples were within an acceptable pH range, as demonstrated by an absence of color change when indicator (as part of the assay dilutant) was added. All values measured ,4 mg/dl, and no pairs of samples differed by more than 15%. Inter-and intraassay coefficients of variation for this study were below 7 and 4%, respectively.
Interventions
For both interventions, parent trainers had bachelor's or master's degrees in psychology or social work and at least 5 years' clinical experience. They conducted 10 training sessions according to a structured training manual. All sessions were videotaped, allowing assessments of fidelity to the manual. Sessions took place in foster parent homes. To the extent possible, the format, duration, and frequency of the interventions were kept similar across the two interventions.
Relational intervention: ABC intervention. The ABC Intervention is designed to help children develop regulatory capabilities. It helps caregivers learn to (a) provide an environment that helps children develop regulatory capabilities, (b) reinterpret children's alienating behaviors, and (c) help caregivers override their own issues that interfere with providing nurturing care. The intervention is manualized, with the same themes introduced across the 10 sessions, regardless of child age. Intervention principles are held constant, but specific activities are varied to be appropriate for children of different ages or issues.
Control intervention: DEF. The DEF session is of the same duration (10-hr long sessions) and frequency (weekly) as the ABC intervention. The educational intervention was borrowed partly from the home visitation component of the early intervention program developed by Ramey and colleagues (Ramey, McGinness, Cross, Collier, & Barrie-Blackley, 1982; Ramey, Yeates, & Short, 1984) . This intervention was designed to enhance cognitive, and especially linguistic, development. The intervention has been successful in improving intellectual functioning when provided intensively and for a long duration in day care settings (Brooks-Gunn, Klebanov, Liaw, & Spiker, 1993) . Components that involve parental sensitivity to child cues were excluded in our version of the intervention so as to keep the interventions distinct. Although the intervention is manualized, specific activities take into account children's developmental level.
Results
Data analytic strategy
Group differences in initial cortisol values and changes in cortisol values from before and after the Strange Situation were analyzed using hierarchical linear modeling (HLM; Raudenbush & Bryk, 2002 , see also Snijders & Bosker, 1999) . HLM allows separate estimates of Level 1 (within-subjects) and Level 2 (between-subjects) variation, thereby accounting for the nonindependence of within-person observations over time. HLM allows for "missingness" on outcome variables assuming that the data are missing at random (MAR; Schafer & Graham, 2002) . Within the context of this study, MAR refers to the situation in which missingness is not related to future unobserved measurements of cortisol but is related to previous measurements of cortisol or other measured covariates. The dependent variable was the log-transformed cortisol value measured across each of three time points, measured in micrograms per deciliter (mg/dl). First, initial values were assessed. Second, the basic model assessed whether cortisol systematically changes from its initial value to after children participated in the Strange Situation. After within-subject change was characterized, individual difference predictors at the between subject level were considered. Group status was dummy coded to allow for comparisons among members of any two groups against a selected reference group.
Gender was coded as 0 for boys or 1 for girls, ethnicity was coded as 0 for nonminority and 1 for minority, and age was recorded in months. Analyses at Level 2 considered whether individual differences in intercepts and slopes were related to individual differences in group status, gender, ethnicity, or age.
Primary analyses included the three time points that were obtained during the laboratory session. Secondary analyses included the five time points (one time prior to leaving home and one time after returning home) that were available for a subset of participants. Multilevel models were conducted using symbolism consistent with Raudenbush and Bryk (2002) and of the following form: Level 1 (within individual):
Level 2 (between individual):
where, at Level 1, log cort ti represents the log of child i's cortisol level at time t, b 0i represents child i's estimated log cort at the initial time point, b 1i represents the amount of linear change in log cort over time for child i, (time) ti represents elapsed time coded in minutes from the initial lab cortisol assessment, and r ti represents the within-person residual in child i's log cort at time t that cannot be accounted for by initial estimated log cort and linear change in log cort over time. Only linear change was examined in these analyses because there were only three repeated measures for each child. At Level 2, the pair of equations specify estimation of the b 0i and b 1i terms that represent individual differences in initial log cort and linear change in log cort over time. The term g 00 represents the average estimated initial level of log cort for the comparison group, g 01 is the difference between the comparison group and the group coded 1 in the first group dummy code (DUM1), g 02 represents the difference between the comparison group and the group coded 1 in the second group dummy code (DUM2), and 1 0i is the between-child individual differences that are unexplained by the Level 2 grouping variable. Similar equations were used to model between-child differences in linear change over time.
Initial cortisol levels
We explored individual difference predictors of initial values of cortisol, including group status (ABC and comparison coded as 1, and DEF as 0), ethnicity, gender and age. These analyses allowed comparisons between the reference group (DEF) and the other two groups (ABC and nonfoster comparison group). The only comparisons not allowed by these analyses were between ABC and the nonfoster comparison group. Additional analyses were conducted with ABC as the reference group to allow these comparisons.
Initial cortisol values differed significantly between children in the ABC treatment group and the DEF (treatment control) group, and between children in the comparison group and children in the DEF (treatment control) group (see Table 2 and Figure 1 ). Subsequent analyses including the ABC group as the reference group indicated that the ABC group did not differ significantly from the comparison group (see Table 3 ). Gender, age, and minority status did not account for significant variability in cortisol levels (see Tables 2 and 3 ). Analyses excluding these variables result in comparable effects, as can be seen in Tables 4 and 5 .
Response to Strange Situation
None of the three groups showed a significant increase in cortisol in response to the Strange Situation. Indeed, the slopes for all groups were in the negative direction (2.04, 2.11, and 2.05, for ABC, DEF, and comparison groups, respectively). The slope was not significantly different from zero in the case of the ABC group, but was significantly negative ( p , .05) for the other two groups. Differences between slopes did not reach significance (see Tables 2  and 3) .
Discussion
In the present study, children whose caregivers had participated in a relational intervention, ABC, showed lower initial levels of cortisol upon arrival to the lab for the Strange Situation procedure than did children in the control intervention group. Children in the comparison group, who had never been in foster care, showed lower levels of cortisol than the foster children in the control intervention group, but levels that were not significantly different from the foster children in the ABC group. These results are exciting because they suggest that a relational intervention can affect the biology of infants and toddlers in foster care. The ABC intervention is a time-limited parent training program that appears to affect Intervention effects on cortisolcortisol production such that foster children show more normative patterns. In a prior preliminary study, we assessed the daytime production of cortisol among infants and toddlers whose caregivers had completed the ABC intervention compared with children in the treatment control group and with children never in foster care . In this prior study, cortisol levels were assessed at wake-up and bedtime over 2 consecutive days at home. Children in the ABC intervention group showed similar levels of cortisol to children never in foster care, but lower levels than children in the control intervention group. This pattern of results mirrors the findings of the present study in that children in the control intervention group showed higher levels of cortisol than both children in the ABC group and children never in foster care. We speculate that the differences in initial cortisol values seen in the present study reflect differences in daytime cortisol levels rather than differences in cortisol reactivity to stress. Both our current and prior findings suggest that the daytime patterns of cortisol production among infants and toddlers in foster care are characterized by higher rather than lower values compared to infants and toddlers never placed in foster care.
Findings from two other studies of daytime cortisol production among preschoolers in foster care suggest that children who have experienced early adversity show distinct daytime patterns of cortisol production across development (Fisher et al., 2000; . In these studies, preschoolers tended to show lower daytime levels of cortisol production compared to children never in foster care more often than they showed higher or normative levels. These results are contrary to our findings reported here and elsewhere regarding infants and toddlers in foster care. Infants in foster care appear to show elevated daytime cortisol production, relative to comparison infants, whereas preschoolers show low daytime cortisol production, relative to comparison preschool children. As suggested by Gunnar and Vazquez (2001) , the low cortisol levels seen among preschool-aged foster children may reflect downregulation of the HPA axis following extended periods of high cortisol production during infancy and early childhood. Future longitudinal studies of diurnal cortisol production among children in foster care are needed to adequately address this question.
Stress reactivity in infancy
Several previous studies (Hertsgaard et al., 1995; Spangler & Grossmann, 1993) have provided evidence that infants show stress reactivity in the Strange Situation. Increases in cortisol production following the Strange Situation were not observed for any of the three groups included in the present study, however. The lack of stress reactivity could reflect inadequate power or problems with procedures in the current design, or could reflect differences in toddlers' response to the Strange Situation when compared with infants. On the other hand, the understanding of stress reactivity in early childhood has changed significantly over the last decade (e.g., Fries, Hesse, Hellhammer, & Hellhammer, 2005; Gunnar & Vazquez, 2001) , and the present findings are consistent with current expectations. To fully understand these findings, it is critical to place these results in context. Two studies have reported differences in cortisol reactivity related to attachment (Hertsgaard et al., 1995; Spangler & Grossmann, 1993) . Specifically, Spangler and Grossman (1993) found that 12-month-olds from a middle-class, normative sample who were classified as insecurely attached showed higher cortisol levels following the Strange Situation compared to securely attached infants. In the second study, among a high-risk group of 19-monthold infants, Hertsgaard et al. (1995) found the association between cortisol reactivity and attachment to hold only for infants classified as disorganized. These studies have been cited widely even though the sample sizes of both were small, with only 41 and 38 children included in the two studies, respectively. Further, studies that have included larger sample sizes have shown that cortisol levels increase in response to the Strange Situation only among children who are both insecurely attached to caregivers and temperamentally inhibited or fearful (Gunnar, Brodersen, Nachmias, et al., 1996; Nachmias et al., 1996) .
Although adolescents and adults have been found to show cortisol reactivity under conditions of social threat, there is mounting evidence that infants and young children do not show reactivity to highly stressful events in terms of their production of cortisol (Gunnar & Quevedo, 2007; Kudielka, Hellhammer, & Kirschbaum, 2007; McRae et al., 2006) . Indeed, there may be important changes in cortisol reactivity across development, such that Intervention effects on cortisolinfants and young children go through a SHRP. Results from the previously described studies on attachment and cortisol reactivity are largely consistent with the idea that a hyporesponsive period exists among humans as part of the normative development of the HPA system. Further, Gunnar et al. (2006) have found that it remains difficult to find laboratory stressors that elicit a large cortisol response throughout childhood. Among preschoolers, for instance, a laboratory paradigm involving going to the dentist's office and seeing several sharp dental instruments failed to provoke an increase in cortisol (Fisher report to Gunnar and Early Experience Network, Feb, 2005) . The existence of a hyporesponsive period to stress during childhood can be seen as having evolutionary significance. The human brain is highly plastic during early development (e.g., Cicchetti & Curtis, 2006; Howe, Cicchetti, & Toth, 2006; Kreppner et al., 2007) . Similarly, among rodents, considerable brain development occurs within the first 2 weeks of life, a period that parallels the first 2 decades of life for humans. This first 2-week period is characterized as a SHRP in the rodent because stressors do not readily result in high levels of glucocorticoid production (Sapolsky & Meaney, 1986) . Chronically high levels of circulating CORT during this 2-week time period are associated with damaging and long-lasting effects on brain development in regions such as the hippocampus, amygdala, cingulate gyrus, and prefrontal cortex Sapolsky & Meaney, 1986) . Among humans, a hyporesponsive period in cortisol reactivity to stress lasting from infancy through childhood may protect the developing brain from the possibly adverse effects of high levels of circulating CORT.
Limitations
There are a number of challenges in assessing stress reactivity among young children. First, given that stress reactivity is assessed in the context of a diurnal pattern, the time of day should be kept constant, or should be controlled. Although controlling for time of day did not alter findings, it would have been preferable if time of day had been held constant.
Second, the "event" (whether or not it is stressful) likely starts prior to when the experiment is thought to begin (Gunnar & Donzella, 2002; Larson, Gunnar, & Hertsgaard, 1991) . For example, the child is likely to experience the day as different than usual when the parent prepares to depart from the house. For example, Larson et al. (1991) found that children show reactions to events (in the form of decreased levels of cortisol) when they first came to the lab, and indeed, even when they were still in their carseats on their ride from home to the lab. Collecting salivary cortisol samples prior to leaving home is optimal (Gunnar & Donzella, 2002) . We collected these data among a subset of children in the foster care sample. We chose not to report those data here because home values were not available for any of the comparison children, and data were missing for a larger percentage of foster children than preferred. Nonetheless, among foster children, these differences reflected the same pattern seen for the laboratory assessments, and were statistically significant (in terms of intercept, with home as intercept value).
Third, although children were randomly assigned to the two intervention groups, the groups differed in their gender composition. The effect of gender was evaluated as a possible Level 1 variable, but still, this was not optimal.
Conclusions and Future Directions
The results of this study are important in providing support for changing the biology of vulnerable children via a relational intervention. A first intervention component targets children's regulatory capabilities very specifically, by helping parents take children's lead, using techniques that have proved successful behaviorally in other contexts (Barnard, 1999; van den Boom, 1995) . A second intervention component helps caregivers provide nurturing care. Although this component was included to enhance attachment security rather than to enhance regulatory capabilities, we expect that it also had important effects on children's regulatory capabilities. At some point, "unpacking" the intervention will provide additional information about the effects of intervention components.
Second, the findings here have implications for stress neurobiology more generally. Over the last decade, Gunnar and colleagues (Gunnar & Donzella, 2002; Gunnar & Vazquez, 2001) have suggested that, like rodents, human infants may experience a SHRP during which stressors rarely result in increases in cortisol production. The findings here are consistent with this notion, and are at odds with two earlier findings suggesting that the Strange Situation would elicit a stress response in infants. The weight of the evidence suggests that infants and young children are designed so as not to mount a stress response. Despite these assertions, a number of investigations set out to show differences in stress reactivity among children.
Third, developmental differences in diurnal production of cortisol appear critical to consider. Whereas preschoolers who have experienced adversity often show low levels of cortisol, infants who have experienced adversity may show relatively high levels of cortisol across the day. These developmental differences may reflect a downregulation of the HPA axis over time. Downregulation refers to adjustments with the HPA system that reduce the production of cortisol. Nonetheless, it will be important to follow the same children longitudinally to demonstrate that high early levels of cortisol production are associated with downregulation as children become older.
Despite significant progress in the past several decades in the field of stress neurobiology, it is critical to remember that there is much we do not know. Effects of experimental interventions on the functioning of stress system will contribute to this growing body of knowledge.
